This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS y 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 




As rescanning documents will not correct images, 
please do not report the images to the 

Image Problem Mailbox. 



<12) 



UK Patent Application o«GB „„ 2 043 219 A 



(21) Application No I 

(22) Date of filing 4 Jan I960 

(30) Priority data 

(31) 7*00663 



(32) 


8 Jan 1979 


(33) 


United Kingdom (QB) 


(43) 


Application published , 




1 0ct 1980 


(51) 


WJCL* 




F278 16/00 




C048 11/02 


(52) 


Domestic classification 




F48 A10C9 




Documfints cited 




QB 1489665 




AH 1306047 








UP 








GB 1168337 




Ga 700664 








CIA 




F48 


(71) 


Applicants 




BPS Industries Umhed, 




Ferguson House, 




15Mary>aboneRoed, 




London, NW1. 


(72) 


Inventors 




Arthur George Terry 




Ward. 




Christopher Todd-Davie*. 


(74) 


Agents 




Reddle ft Grose 



(64) Calcination method and 
apparatus 

(67) Minerals such as gypsum in pow- 
dered condition are calcined with in- 
creased thermal efficiency in a vessel 
hcving a lower region of email crcae 
section by maans of hot oaa delivered 
by a downwardly extending tube direct* 
ly into the lower region of the vessel. 
The preferred vessel is an inverted cone 
(1) and has a lid (3) which is fitted with a 
mineral inlet (4) and exhaust outlet (5), 
and through which the hot gas tube (6) 
passes. The hot gas may be produced in 
the tube by a burner (17). Discharge 
from the vessel is preferably through an 
overflow weir (1 1 ) and an internal pro- 
tuberance (15) may be used to assist in 
distributing the gas flow across the bot- 
tom of the vessel to avoid accumulation 
of calcined material. 
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SPECIFICATION 

Calcination method and apparatus 

S This invention relates to a method and apparatus tor 
heat-treating particulate material, especially miner* 
als, and more particularly for calcining gypsum 
(hydrated calcium sulphate). 
One of the main methods by which gypsum 
10 calcination is carried out industrially is in a so-called 
"kettle". Calcination kettles have conventionally 
been operated on a batch basis, but more recently 
they have been operated by a continuous technique, 
as described in British Patent No. 1 018464. 
15 However, the production rate in both batch and 
continuous kettle calcination is at present limited by 
the maximum permissible heat transfer through the 
kettle walls, and especially through the bottom. This 
heat transfer is limited because there is a maximum 
20 permitted temperature for the metal of the kettle ' 
walls and bottom, usually steel. Above this max- 
imum there is a danger of frequent bottom burn- 
outs. 

The invention described in our British Patent No. 1 

25 488 665 aimed to increase the heat input to calcina- 
tion kettles in both batch and continuous operation, 
thereby increasing the production capacity of the 
kettle, without adversely affecting the product quali- 
ty or significantly increasing the kettle bottom 

30 temperature. According to that invention, calcium 
sulphate dihydrate is heated in a calcination vessel 
or kettle by heat applied indirectly through the 
external walls and bottom of the vessel and, addi- 
tionally, by the direct introduction of hot gas into the 

35 vessel through a tube extending downwardly from 
the top of the vessel and provided with at least one 
opening in its lower region which is immersed in the 
mass of the calcining material. While the application 
of the method disclosed in that patent has given 

40 greatly increased throughput and substantial in* 
cr oases in the thermal efficiency of kettles, the kettle 
itself is stilt subject to the maintenance problems 
usual with such vessels, and may occasionally 
require extensive repairs, for example to the refrac- 

45 tory brickwork. 

We have now developed a new method and 
apparatus for heat-treatment of particulate, i.e. pow- 
dered or granular material and especially suitable for 
calcination, in which all the necessary heat can be 

50 supplied directly into the material being calcined, 
thereby making it possible to dispense with much of 
the refractory brickwork associated with convention- 
al kettles and to thermally lag the system, so 
increasing the thermal efficiency and reducing capft- 

55 aland maintenance costs. 

According to the present invention there is pro- 
vided a method of heat-treating particulate material 
which comprises introducing the material into a 
vessel, restricting material in the bottom region of 

60 the vessel to the vicinity of the hot gas outlet 

introducing hot gas downwardly through the vessel 
Into direct contact with the material in the region of 
the bottom, whereby the material at the bottom is 
simultaneously heated and circulated and the result- 

65 ing agitation and heating extends from the bottom 



region through substantially all the material in the 
vessel, and withdrawing heat-treated material from 
the vessel. 

Further, in accordance with the present invention, 

70 there is provided appa ratus for heat-treating particu- 
late material comprising a vessel having an imperfo- 
rate bottom which is contacted by the contents of the 
vessel when in use, an inlet for the material to be 
heat-treated, an outlet for heat-treated material, and 

75 at least one downwardly extending heating tube 
adapted for the passage of hot gases and opening 
into the interior of the. Vessel adjacent to the bottom, 
the bottom of the vessel being shaped to restrict 
material at the bottom to the proximity of the tube 

80 opening; whereby in use hot gas issuing from the 
lower portion of the heating tube will simultaneously 
heat and circulate the material at the bottom and 
thence agitate and heat substantially all the contents 
of the vessel. It is envisaged that in most cases the 

85 hot gases will provide all the heat required for 
treatment in the vessel, although some degree of 
wall heating may be provided without departing 
from the principles of the invention. 
The vessel may have any convenient shape, 

90 provided that its bottom is restricted in area and 
shaped to ensure that solids on the bottom are 
caused to circulate by upward flow, thereby bringing 
about agitation of the entire mass of material in the 
vessel and efficient transfer of heat from the gases. 

95 In preferred forms of vessel, the bottom has a 
sufficiently small cross-sectional area, in relation to 
the size and position of the hot gas tube, to ensure 
that the jgas issuing from the tube sweeps the 
particulate material across the entire bottom of the 

100 vessel, preventing the accumulation of heat-treated 
material and ultimately mixing substantially the 
whole contents of the vessel. 

Although asymmetrical vessels can be used, sub- 
ject to the requirement for good mixing, it is 

105 preferred that the vessel be substantially symmetric- 
al about a vertical axis, and the heating is preferably 
arranged to lie substantially along such vertical axis. 
A particularly preferred form of vessel at present is 
an inverted conical or f rusto-conical vessel, more 

110 especially one in which the walls are upwardly 

divergent at the level of the surface of the material in 
the vessel In operation. 

The shape of the bottom region of the vessel is 
less critical, in that a cylindrical bottom region may 

115 suffice if it is of small enougn diameter, in relation to 
the gas tube, to ensure clearance of solids from the 
bottom in operation. A wholly cylindrical vessel of 
such diameter is possible, especially if the angle 
between the side and the base is faired to improve 

120 smoothness of flow, but in order to obtain the 

necessary residence time to ensure adequate heat- 
treatment, especially in the case of calcination, it 
may have to be of uneconomic height. Moreover, an 
upper region of enlarged diameter or cross-sectional 

1 25 area assists in reducing the amount of fine material 
lost in the exhaust gases as dust, which then 
requires separation from the exhaust. For this 
reason a vessel with a substantial conical or frusto- 
conical portion is preferred, although this may be 

130 combined with a narrow cylindrical bottom region 
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surrounding the bottom of the hot gas tube, or a 
wide cylindrical upper portion to assist in dust 
separation. 0 
British Patent 1 240 655 describes a method arid 
5 apparatus for calcining a granular calcareous mete- 
rial (that is, lime), in which the hot gases from a 
conventional fluidized bed calciner are circulated to 
a pre-heater having the form of a cylindrical vessel 
with an inwardly tapered lower part, the gases being 
10 introduced through a tube extending downwardly 
through the vessel to an open end near the base. It 
must be noted, however, that the invention differs 
fundamentally from this proposal. Whereas it is 
important for the purposes of the present invention 
15 that heat-treated material should not be allowed to 
accumulate at the bottom of the vessel, this is of no 
significance in the process of the British Patent, 
where the preheater operates at a fraction of the 
reaction temperature, and the extent and uniformity 
20 of the heating effect are in no way critical. The 
bottom of the preheater is not designed to avoid 
stagnant zones. Indeed, the likelihood of the accu- 
mulation of dust is envisaged, and the provision of a 
conventional perforated base for the introduction of 
25 fludizing gas is recommended for the purpose of 
dispersing it. 

It may also be mentioned that the present inven- 
tion is to be distinguished from so-called 'spouted 
bed' reactors, in which the gas is introduced in an 
30 upward direction through an opening at the apex of 
the inverted conical lower portion of the reactor 
vessel. It is believed that the pattern of flow of 
material in the apparatus of the present invention is 
largely the reverse of that in a spouted bed reactor 
35 The bottom of the vessel may be specially shaped 
to assist in distributing the flow of hot gases across 
the bottom surface or may be provided with one or 
more internal protuberances or inserts to serve this 
purpose. For example, a conical insert may be 
40 seated on the vessel bottom, having its apex 

directed upwardly towards the lower opening in the 
heating tube. The bottom of the vessel, or more 
especially an internal protuberance as described, 
may be fitted with baffles or swirl vanes to enhance 
45 the distribution and effectiveness of the gas flow* It 
is also advantageous to avoid discontinuities in the 
profile of the surface, for example by providing a 
curved profile at the junction between the bottom 

50 The heating tube is preferably open at its lower 
end. In addition, or even alternatively, it may have in 
its lower pan a plurality of gas distribution holes in 
the side wall, themselves preferably symmetrically 
disposed. It may also have side openings at a higher 

55 level, to give ad3<t>onal heating or agitation at such 
level, provided \ *ere is sufficient flow of gas at the 
bottom of the vessel to avoid accumulations of v 
heat-treated material. 
The heating tube may be connected to a source of 

60 hot gases at an appropriate temperature, which may 
be derived from the combustion of a fuel, for 
example, gas. fuel oil or coal, or may be hot exhaust 
gases from another process, provided it does not 
interfere with a desired calcination reaction or 

65 product. 



Alternatively, and in many cases preferably, the 
heating tube may be connected in its upper portion 
to a supply of fuel which may itself be gaseous, and 
also to a source of oxygen and/or air, in which case 

70 the tube will include a fuel burner to produce hot 
gaseous combustion products. The burner may be 
provided with a combustion-initiating device, which 
may for example be electricl. By way of example, the 
fuel may be town gas or natural gas, and the 

75 combustion-initiating device may include a spark 
device. The fuel burner is preferably positioned in 
the lower half of the tube so that in use the 
combustion of the fuel occurs at, or below, the level 
of the material in the vessel. 

80 The vessel is preferably lagged externally against 
heat losses, in order to enhance the thermal efficien- 
cy of the system. It will also, desirably, be connected 
in its upper region to a dust collector. When the 
invention has been used for calcination, it has been 

85 found that the dust which is collected in use, 

particularly in the case of gypsum, is predominantly 
composed of calcined material and is itself a useful 
product. 

If the vessel is to operate on a continuous basis, it 

90 is preferably provided with a valved Inlet for the 
material, such as calcium sulphate dihydrate, and a 
valved outlet or overflow system for heat-treated 
material. Any suitable technique may be used for 
controlled feeding of material into the vessel or for 

95 discharging material out of the vessel. Achievement 
of a fully reacted and uniform product requires, as 
well as an adequate residence time, assurance that 
an unacceptable proportion of unreacted or insuffi- 
ciently reacted material does not reach the outlet If 

100 the reaction is fast and the outlet sufficiently remote 
from the inlet (for example, in a vessel of large 
diameter at the level of the lop of the material) this 
may suffice. In most cases however, it is preferred to 
fit means for extending the path between toe inlet 

105 and the outlet. These means may comprise one or 
more baffles arranged round the outlet or the inlet or 
between them, or tubes or conduits leading to or 
from the outlet or inlet and opening at a lower level 
in the vessel. 

1 10. An overflow system may comprise a rising dis- 
charge conduit leading from a lower region of the 
vessel to a weir over which discharged material 
flows. A rising conduit may function effectively 
because of the fluidization of the material in the 

115 vessel during use. This fluidization may be brought 
about directly by the action of gases from the 
heating tube, but where gases or vapours are given 
off by the material being treated, these may assist or 
be largely responsible for fiuidization of the rr.sterisl 

120 in the vessel. For example, gypsum loses water to 
give hemihydrate or anhydrous calcium sulphate, 
and the water vapour evolved causes "boiling" of 

the mineral. 
The fluidization of the treated material in the 

125 apparatus of this invention, whether due primarily to 
the incoming gas or to self-fluidization by evolved 
vapours, is responsible for rapid and efficient mixing 
of the contents and heat transfer, and also facilitates 
even discharge of the product in continuous opera- 

130 tion. Because of this action it is not necessary for the 
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vessel to be equipped with mechanical agitators or 
stirrers. However, the provision of stirrers for addi- 
tional agitation does not avoid or vitiate the princi- 
ples of this invention. 
5 Although reference is frequently mado herein to 
continuous operation, for which the apparatus is 
particularly intended, it should be understood that 
batch operation of the invention is equally possible. 
For this purpose the vessel is first charged with 
10 material, if necessary with an initial gas flow; 
whereafter gases at the desired temperature are 
injected until the process is complete. The contents 
of the vessel are then discharged, for example 
through a bottom discharge gate. The latter is in any 
15 case a desirable fitting, and can be used in cleaning 
the vessel and for dumping of its contents in an 
emergency. For cleaning and maintenance pur- 
poses, the vessel may also be provided with inspec- 
tion or access hatches. 
20 The temperature of the gases within the heating 

tube and jssuing.therefromcan.be controlled in-a 

number of ways, for example by the quantity of 
excess air used in combustion. Alternatively, an 
auxiliary air inlet may be provided in the tube '■ 
25 between the burner and the lower region of the tube 
whereby additional air can be introduced to control 
the temperature of the mixture of air and combus- 
tion products in the tube. 
The production of hemihydrate plasters and 
30 anhydrous plasters or mixtures thereof can be 

carried out by this method mainly by controlling the 
effective calcination temperature. For example, if the 
temperature of the mass of the calcium sulphate 
being treated is maintained at about 140° to 170 S C, 
35 the principal calcined product from calcium sulphate 
dihydrate is the hemihydrate, whereas at a much 
higher temperature, notably around 350°C or above, 
the principal product is anhydrous calcium sulphate. 
Where an anhydrous product is required, the 
40 calcination reaction may be carried out in a single 
stage, by adjusting the throughput in relation to the 
gas temperature and flow rate to maintain a temper- 
ature in the range mentioned. However, it is also 
possible to conduct the reaction in two stages, by 
45 operating a first apparatus according to the inven- 
tion in the lower temperature range to obtain a 
hemihydrate product, and a second apparatus at the 
higher temperature. With this arrangement, water 
yapoMr is evolved st each stage to assist In fluidiza- 
50 tion and mixing. The exhaust gases from the second 
apparatus may be used to heat the first, and all or 
part of the hemihydrate product from the first 
apparatus may be transferred to the second. The 
hemihydrate and anhydrous products may be util- 
55 i*ed separately, or may be mixed in desired propor- 
tions for use as a mixed plaster. 

The invention is especially suited to the calcination 
of natural gypsum or chemical gypsum of whatever 
source, e.g. synthetic gypsum from the manufacture 
60 of phosphoric acid or from the neutralisation of 
flue-stack gases or from the hydration of natural 
anhydrite. 

The invention will now be described; by way of 
example, with reference to the accompanying draw- 
65 inos in which:- 



Figure 7 is a schematic diagram of a conical 
calcination vessel according to the invention, suit- 

^ able for calcining gypsum, and 

* Figure 2h a schematic diagram of one example of 

70 a control system for operating the heating tube of 
the conical vessel of Figure 1. 

Referring firstly to Figure 1, a vessel 1 of inverted 
conical form has a rounded bottom 2 of restricted 
area and a lid 3 fitted with a feed pipe 4 for the 

75 material to be calcined, such as powdered gypsum, 
and an exhaust gas outlet pipe 5 connected to a dust 
collector (not shown). A heating tube 6 which is 
described in more detail below, also passes through 
the lid 3 into the interior of the vessel. The gypsum 

80 feed pipe 4 is provided with a metering valve in the 
form of a rotary feeder 7, which is connected to a 
gypsum bunker 8. The vessel is suitably lagged as 
indicated at 9. 
The normal level of powdered material in the 

85 vessel when it is operating is indicated at 10. An 

outlet forcalcined material is provided in the form of— 
an external overflow weir 1 1 connected to a lead-off 
pipe 12. Avalved bottom discharge gate 21 is also 
provided*. 

90 The heating tube 6 extends downwardly substan- 
tially along the central vertical axis of the conical 
vessel 1. It is open at its lower end 13 and terminates 
adjacent to the bottom 2, of the vessel. The tube is 
also provided in the lower part of its wall with 
95 symmetrically disposed holes 14 for further facilitat- 
ing the distribution of hot gases into the material 
being calcined. The distribution of gases emerging 
from the tube 6 can be further enhanced by the 
provision of an upright cone 15 of heat-resistant 

100 . material, which is seated on the bottom 2 of the 
vessel directly beneath the tube opening 13. 

The dimensions of the vessel and the conical angle 
may be varied, in relation to the temperature and 
rate of flow of the hot gases through the tube 6 and 

105 the intended throughput of mineral, to achieve the 
desired residence time and temperature of material 
in the vessel and to ensure adequate mixing and 
efficient heat transfer. 
Fuel gas, for example natural gas, is supplied 

110 through a pipe 16 to a gas burner 17 of a noule-mix 
type located within the tube 6 at approximately the 
level 10 of the material in the vessel; Air is supplied 
separately to this burner through an air pipe 18 from 
a fan 19. The fuel/air mixture leaving the nozzle mix 

115 burner 17 is ignited by a spark probe 20 and the hot, 
gaseous products of combustion pass downwardly 
through the tube 6 and leave through its open end 13 
and the holes 14. An auxiliary air supply to the 
heating tube is not generaiiy used with this system. 

120 Referring now principally to Figure 2, the fuel gas 
is supplied along a line 22 through a main isolating 
valve 23, a mains governor 24, which reduces the 
line pressure to a suitable figure (in this particular 
unit 3 psig), and then through a meter 25. The 

1 25 pressure is then monitored by two pressure switches 
26, which are set to determine the maximum and 
minimum pressure for safe operation. The flow of 
gas to the burner is controlled from a safety aspect 
by three shut-off valves one of which (27a) follows 

130 the pressure switches 26, one {27b) is in a main line 
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28, and one (27c) is in a pilot line 29. The main line 
alto includes a further governor 31 and a throughput 
control valve 32, and the pilot line contains a pair of 
pressure switches 33, its own governor 34 and a 

5 limiting vatve 35. A bleed valve 38 additionally 
connects the main supply line to the pilot tine 29, and 
a vent valve 37 is connected to the governors 31 and 
34. Manual valves 38 are provided, which are usually 
left open but can be shut to isolate portions of the 

10 system. Both the main line 28 and the pilot line 29 . 
deliver fuel gas to the pipe 16 of the heating tube 6. 

Before the light-up sequence starts the shut-off 
valves 27 are checked to confirm that that they are 
closed and not leaking. When the light-up sequence 

15 is started, by turning on the burner switch, the vent 
valve 37 closes and a timer unit within the burnur 
control panel (not shown) monitors the sequence 
using the two pressure switches 33 and 26 to ensure 
that the space between the three shut-off valves 27 

20 does not become pressurised through leakage of gas 
or air. and after thirty seconds to ensure that when 
the space is pressurised by opening of bleed valve 
36 that the pressure is held for a further thirty 
seconds. 

25 If both these checks are satisfactory, then a visual 
indication that the check is complete will appear and 
the control cycle moves to the next stage. If either. 
check has proved unsatisfactory then a warning 
indicator will appear. After the check indicator 

30 appears there is a pause for five minutes, during 
which time the air will purge the burner and calciner 
system. When that time has elapsed, a burner 
programming unit in the control panel will start the 
ignition sequence. A spark ignites the pilot gas after 

35 opening of the first shutoff valve 27a and a pilot 
valve 21b and the presence of flames is detected by a 
flame detection probe 39 approximately three inches 
from the burner 17. If a flame is detected and is 
stable, then the programming unit will allow the 

40 second main shut-off valve 27c to open, bringing on 
the main flame. At this point the vent valve 37 closes, 
allowing the governor 31 to function. The flow rate 
of gas is controlled by the setting of the throughput 
valve 32. 

45 The vertical position of the burner 17 in the tube 
may be adjustable to permit formation of the flame 
at any desired level in relation to the vessel and its 
contents. 

Some advantages of the calcination equipment 
50 according to this invention are as follows: 

(1 ) The capital cost of the system for a given 
throughput is tower than for a conventional kettle on 
account of the relative compactness and simplicity 
of the vessel. 
55 (2) The unit need not use a stirrer, and hence 
there can be an overali saving in electrical energy. 

(3) The thermal efficiency, for example at 85- 
90%, is even higher than with the invention de- 
scribed in 8ritish Patent No. 1 488 665. 
60 (4) The maintena nee costs will be lower. 

(5) The start-up time is much shorter than with a 
conventional Kettle, being for example approximate- 
ly 10 minutes. 
As to the product, the physical characteristics in 
65 the case of calcined gypsum are similar to those of 
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the calcined material produced according to 8nttth 
Patent No. 1 488 665. More particularly, when the 
temperature of the hot gases is adjusted so the! the 
temperature in the interior of the calcium sulphate is 
70 about 140° to 17<TC the product is substantially all 
himihydrete, with little soluble anhydrite and almost 
nil gypsum as measured by differential thermal 
analysis. 

75 CLAIMS 

1 . A metnod of heat-treating particulate material 
which comprises introducing the material into a 
vessel, restricting material in the bottom region of 

80 the vessel to the vicinity of the hot gas outlet, 

introducing hot gas downwardly through the vessel 
into direct contact with the material in the region of 
the bottom, whereby the material at the bottom is 
simultaneously heated and circulated and the result- 

85 ing agitation and heating extends from the bottom 
region through substantially all the material in the 
vessel, and withdrawing heat-treated material from 
the vessel. 

2. A method as claimed in claim 1 wherein the 
90 gas emerging from the outlet sweeps the bottom of 

the vessel and prevents the accumulation of heat- 
treated material. 

3. A method as claimed in claim 2 wherein the 
gas emerging from the outlet is given a helical 

95 swirling motion about the vertical axis of the vessel. 

4. A method as claimed in claim 1 , 2 or 3 wherein 
the material at the bottom of the vessel is restricted 

i to a smaller cross-sectional area than material 
higher up the vessel. 
100 5. A method as claimed in claim 4 wherein the 
material is contained in an inverted conical or 
frusto-conical vessel or portion of the vessel. 

6. A method as claimed in any of claims 1 to 5, 
wherein the material is continuously introduced into 

105 and withdrawn from the vessel. 

7. A method as claimed in claim 6 wherein the 
point of introduction of material into the vessel is 
remote from the point of withdrawal of the material 
from the vessel. 

110 8. A method as claimed in claim 7 wherein the 
calcined material is withdrawn from the vessel from 
the lower region of the vessel by means of a weir. 

9. A method as claimed in any preceding claim 
wherein powdered hydrated calcium sulphate is 

115 calcined to a lower degree of hydration. 

10. Apparatus for heat-treating paniculate mate- 
rial comprising a vessel having an imperforate 
bottom which is contacted by the contents of the 
vessel when in use, an inlet for the material to be 

1 20 heat-treated, an outlet for heat-treated material, and 
at least one downwardly extending heating tube 
adapted for the passage of hot gas and opening into 
the interior of the vessel adjacent to the bonom, the 
bottom of the vessel being shaped to restrict mate- 

125 rial at the bottom to the proximity of the tube 

opening, whereby in use hot gas issuing from the 
lower portion of the heating tube will simultaneously 
heat and circulate the material at the bonom and 
thence agitate and heat substantially all the contents 

130 of the vessel. 
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11. Apparatus eadaimed in d»im 10 wherein the 
bottom of the vessel is shaped to provide a smooth 
profile for passage of hot gaeeee from the lower part 
of the tube whereby the bottom is continually swept 

deer of material. . 

12. Apparatus as daimed in claim 10 wherein the 

boaom of *• vsae* ie provided with at least one 
internal protuberance disposed beneath the open 
bottom end of the heating tube. 

13. - Apparatus as daimed In daim 12 wherein the 
protuberance is provided with helical ribs or swirl 
vanes. 

14. Apparatus as claimed in claim 10, 1 1 or 12 
wherein the side walls of the vessel are at least in 

5 part indined, whereby the bottom is of smaller 
cross-sectional area than the region of the vessel at 
the level of material determined by the outlet 

-16.— Apparatus as deimed in claim l0.orJ4 _ 

wherein the vessel is at least in part of inverted 
)0 conical form, and the heating tube is arranged to lie 
substantially along its vertical axis. 

16. Apparatus as claimed in any of daims 10 to 

15 wherein the vessel is thermally lagged to mini- 
mize conduction of heat through its walls- 

17. Apparatus as claimed in any of claims 10 to 

16 wherein the vessel is provided with structure 
defining an extended or indirect path between the 
material inlet and outlet. 

18. Apparatus as daimed in any of claims lOto 
3) 17 wherein the heating tube is open at its lower end 

end has a plurality of gas distribution holes in the 
lower part of its side wall. 

19. Apparatus as claimed in any of claims 10 to 
18 wherein the heating tube is connectable at an 

*5 upper portion to a supply of fuel and to a source of 
oxygen-containing gas and includes a fuel burner. 

20. An apparatus as claimed in claim 19 wherein 
the burner is vertically adjustable in the heating 

21 . A method of calcining particulate material 
substantially as hereinbefore described with refer- 
ence to the accompanying drawings. 

22. An apparatus for heat-treating particulate 
material substantially as hereinbefore described 

45 with reference to the accompanying drawings. 

23. Calcined calcium sulphate obtained by a 
method as claimed in claim 9 or in an apparatus 
according to claim 1 0. 
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